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@ A solid oxide fuel c«U stack. 

(g) A solid oxMe lUel cell stack (10) comprises a plurality of first modiies (24) and a piuraiily of second 
modules (2Q stacked altamately. Each first module (24) comprises a first distribution member (28) which 
d^nes internal passages (30) for the supply of a first reactant to the fuel ceils (22). The first distrlbutton 
member (28) is endosed by a porous support structure (36) which carries the fuel ceils (22) on its two 
parallel surfaces. A plu^ity of passages (38) are defined between the porous support istructure (36) and 
the first distribution member (28) which distribute and remove the first reactant from the anodes (40). 
Each second module (26) comprises a second distributk>n member (54) which defines internal passages 
(56) for the supply of a second reactant to the fuel cells (22). The passages (30) in the first distributkm 
member (28) contain a catalyst (74) for steam reforming the fOel. The catalyst (74) is in intimate thenmal 
contact with the fuel cells (22). Additionany a taw tanH>erature adiabatkx prersfonner (66) suppiied with 
hydrocarbon fuel prerefonns the fuel and supplies It to the passages (30). 
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The present invention relates to solid oxide fuel 
celts. 

Cun-ently the main variants of the solid oxide fuel 
cell are the tubular solid oxide fuel cell (T-SOFC), the 
planar solid oxide fuel ceil (P-SOFC) and the mono- s 
mhic solid oxide fuel ceU (M-SOFC). 

The tubular solid oxide fuel cell coniprises a tub- 
ular solid oxide electrolyte member which has Inner 
and outer electrodes. Typically the inner electrode is 
the cathode and the outer electrode is the anode. An to 
oxidant gas is supplied to the cathode in the interior 
of the tubular solid oxide electrolyte member and a 
fuel gas Is supplied to the anode on the exterior sur- 
face of the tubular solid oxide electrolyte member. 
The tubular solid oxide fuel eel! allows a simple cell la 
stacking arrangenr^ent and Is substantially devoid of 
seals. However, the fabrication of this type of solid ox- 
ide fuel cell is very sophisticated, manpower inten- 
sive and costly. Also this type of solid oxide fuel cell 
has a relatively low power density due to long current 20 
conduction paths through the relatively large diame- 
ter tubular cells. 

The monolithic solid oxide fuel cell has two vari- 
ants. The first variant has a planar solid oxide elec- 
trolyte memt>er which has electrodes on Its two major 25 
surfaces. The second variant has a corrugated solid 
oxide electrolyte member which has electrodes on its 
two major surfaces. The monolithic solid oxide fuel 
cell is amenable to the more simple tape casting and 
calendar rolling fabrication processes and promises 30 
higher power densities. This type of solid oxide fuel 
cell requires the oo-slntering of all the fuel cell layers 
In the monolith fixim their green states. However, this 
results In serious shrinkage and cracking problems. 
This type of sdkJ oxide fuel celt Is not so easy to mant- ss 
fold and seal. 

The planar solid oxide fuel cell is also amenable 
to tape casting and calendar rolling fabrication proc- 
esses. Currently it requires thick, 150-200 microns, 
self supported solki oxkie electrolyte members which 40 
limit performance. The planar solid oxide fuel cell also 
has limited thenmal shock lesistance. 

Soiki oxkle fuel cells require operating tempera- 
tures of around lOOO'C to maintain low Internal elec- 
trical resistances. 4S 

The operating temperature of a solkl oxide fuel 
cell stack is In principle high enough for steam reform- 
ing of a hydrocart>on fuel internally of the solid oxkle 
fuel ceU stack. Internal steam reforming would simpli- 
fy the balance of a solid oxide fuel ceD power system 50 
and improve operating efficiency. At the operating 
temperatures of solkl oxide fuel cells the nickel cer- 
met anodes catalyse the steam reforming reaction. 
However, reforming of a hydrocarbon fuel within the 
solid oxide fuel cell stack has a number of problems 65 
which have not t>een overcome. Full direct internal re- 
forming of the hydrocarbon fuel on the nickel cermet 
anodes in the solid oxkle fuel cell stacks is precluded 



by the strongly endolhermic nature of the steam re- 
forming reaction. The coupling t>etween the exo- 
thermk: f uel cell reactions and the endothennic steam 
refonmlng reactions Is likely to be unstable, resulting 
In severe temperature excursions, or fluctuations, 
with consequential thermal shocking of the delicate 
ceramk; fuel celts. Direct internal steam reforming on 
nickel cermet anodes in solid oxkle fuel cells tends to 
catalyse carbon formation, loipuritles in the hydrocar- 
bon fuel damages the anodes of the fuel cells. 

The present invention seeks to provkle a rx>vel 
sol id oxkle fuel cell stack which enables the use of in- 
direct Internal reforming. 

Accordingly the present invention provides a sol- 
kl oxide fuel cell stack comprising 

a plurality of solid oxide electrolyte memtiers, 
each solid oxide electrolyte member having an anode 
electrode on a first surface and a cathode electrode 
on a second opposite surface to form a fuel cell, each 
anode electrode partially defining an anode chamber, 
each cathode electrode partially defining a cathode 
chamt>er. 

means to define passages internally of the sol- 
kl oxide fuel cell stack, the passages supplying hydro- 
gen to the anode chamt>ers, the passages containing 
a catalyst suitable for steam refonmlng hydn>cart>on 
fuel to hydrogen and other product gases, the means 
to define the passages being in Intimate thermal con- 
tact with the solki oxide fuel cells such that waste heat 
from the solkl oxkle fuel oells provides the endo- 
thenmte heat requirements for the steam reforming re- 
actton, 

an adiabatic prereformer converting heavier 
hydrocart)on fuels to methane, hydrogen and oxMes 
of carbon and supplying the methane, hydrogen and 
oxides of carison to the passages, 

means to supply oxidant to the cathode chanv 

t>er8, 

means to supply hydrocart>on fuel to the pre- 
reformer. 

The means to define passages may partially de- 
fine the anode chambers, the passages being sepa- 
rated from the anode diambers by the means defin- 
ing the passages. 

The maans to define passages may be kx»ted in 
the anode chantbers, the passages tielng separated 
from the anode chambers by the means defining the 
passages. 

Preferably the solid oxide fuel cell stack compris- 
ing at least one first module and at least one second 
nrKxluIe. 

each first module comprising a first distribu- 
tion means defining a plurality of first passages for 
the supply of a first reactant fongltudlnally relative to 
the first distribution means, 

a plurality of electrolyta/electrode assemblies 
arranged to be carried on one side of the first distrit>- 
ution means, the electrolyte/electrode assemblies 
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and the first distribution means defining a plurality of 
second passages therebetween, the second passag- 
es extending longitudinally relative to the first distrib- 
ution means for the distribution of first reactant and 
the renrtoval of spent first reactant, s 

each electrolyte/electrode assembly comprise 
ing a plurality of first electrodes, a plurality of solid ox- 
ide electrolyte members and a plurality of second 
electrodes, 

each solid oxide electrolyte member being io 
positioned between and contacting a respective one 
of the first electrodes and a respective one of the sec- 
ond electrodes to form a fuel cell, 

at least one Interconnector to connect the first 
electrode of one fuel cell with the second electrode of is 
an adjacent fuel cell, 

the first electrodes on the electrolyte/elec- 
trode assembly facing the first distribution means, 

each second module comprising a second dis- 
tribution means defining a plurality of third passages 2C 
for the supply of a second reactant longitudinally rel- 
ative to the second distribution means. 

the at least one first module being arranged In 
proximity to the at least one second nnodule such that 
the electrolyte/electrode assemblies and the second 2s 
distribution means define a plurality of fourth passag- 
es therebetween, the fourth passages extending 
longKudinally relath^e to the second distribution 
means for the distribution of second reactant and the 
removal of spent second reactant 30 

the second electrodes on the electrolyte/elec- 
trode assemblies facing the second dbtribution 
n>eans, 

the first or the third passages supplying hydro- 
gen to the first or second electrodes respectively, ttm ' ss 
first or third passages respectively containing a cata- ^ . 
lyst suitable for steam reforming hydrocart>on fuel to 
hydrogen and other product gases, the first or second 
distribution means being in intimate thennai contact 
with the solid oxide fuel cells such that vraste heat 40 
from the solid oxide fuel ceils provides the endo- 
thermic heat requirennents for the steam reforming re- 
action, 

the prereformer supplies methane, hydrogen 
and oxides of cart>orr to the first or third passages. 4S 

The first distribution means or the second distrib- 
ution means may be defined by first and second cor- 
rugated plates, the troughs of the first corrugated 
plate are bonded to the pealcs of the second corrugat- 
ed plate to define the first passages or third passages so 
respectively, at least one of the corrugated plates has 
apertures extending therethrough to supply reactant 
from the first passages or third passages respectively 
to the respective electrodes. 

Preferably the first distribution means or the sec- 65 
ond distribution means are defined by a plurality of 
parallel tubes to define the first passages or third pas- 
sages respectively, the tubes are interconnected by 



spacing members. 

Preferably each first module includes a porous 
support structure extending transversely around the 
first distribution means, the porous support structure 
contacting the first distribution means at transversely 
spaced locations of the first distribution means to de- 
fine the plurality of second passages t>6tween the 
first distribution means and the porous support struc- 
ture, the porous support structure carrying the elec- 
trolyte/electrode assemblies, the first electrodes be- 
ing annanged on and contacting the porous support 
structure. 

Preferably the first electrodes are arranged on 
substantially paraM surfaces of the porous support 
structure, the first electrodes on each of the parallel 
surfaces of the porous support structure are connect- 
ed electrically In series to the second electrode of an 
adjacent fuel cell. 

The first electrodes* the solid oxide electrolyte 
members and the second electrodes may extend 
transversely of the fffst distribution means, the adja- 
cent first electrodes are spaced apart longitudinally 
of the first distribution means. 

The first electrodes, the solid oxide electrolyte 
members and the second electrodes may exteruj 
longitudinally of the first distribution means, the ad- 
jacent first electrodes are spaced apart transversely 
of the first distribution means. 

Prefierably the first and second distribution 
means are arranged such that the first and third pas- 
sages extend perpendicularly. 

Preferably the prerefonmer catalyst contains a 
low temperature steam refomilng catalyst Preferably 
the steam reforming catalyst comprises a nickel cat- 
alyst 

. . Preferably the prersfonner catalyst contains a 
partial oxidation reforming catalyst Preferably the 
partial oxidation refonmlng catalyst comprises plati- 
num, rhodium, other precious metals or mbctures of 
precious n^tals. 

Preferably the prereformer catalyst contains a hy- 
drodesulphuristaion catalyst Preferably the hydrode- 
sutphuristalon catalyst comprises nickel mdybdate or 
cobalt molybdate. 

Preferably the prereformer comprises means to 
remove^lorine:ifrom the hydrocart>on fuel. Prefer- 
ably the nr^ns to remove chlorine oomprises activat- 
ed alumina. 

Preferably the prereformer comprises means to 
remove sulphur from the hydrocartx>n fuel. Prefer- 
ably the means to remove sulphur comprises zinc ox- 
ide. 

Preferably the prereformer is removably located 
on the solid oxMe oxide fuel cell stack. 

Preferably there are means to rsclrculate a por- 
tion of the spent methane, hydrogen, oxides of carbon 
and steam from the anode chambers with the hydro- 
carbon fuel supplied to the prereformer. 
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Preferably the means to recirculate comprises a 
jet pump. 

Preferably there are means to supply a mixture of 
methanol and an oxygen containing gas or a mbcture 
of hydrogen and an oxygen containing gas to the pre- s 
reformer to start up the solid oxide fuel cell stack and 
enable operation at zero power or less than a prede- 
termined power. 

The present invention will be more fully described 
by way of examples %vith reference to the accompa- io 
nying drawings, in whlch:- 

Figure 1 is a schematic cross-sectional view 
through a solid oxide fuel cell stack according to the 
present Invention. 

Pigura 2 Is a cross-sectional view in the direction i6 
of arrows B-B In figure 1. 

FigurB 3 is a cfoss-sectional view in the direction 
of arrows A-A in figure 1 . 

Figure 4 is a perspective view of a module fonm- 
ing part of the solid oxide fuel cell stadc shown in fig- 20 
ures 1,2 and 3. 

Figure 5 is a cross-sectional view through the 
module shown In figure 4. 

Figures 6A to 6D are perspective views of the as- 
sembly procedure for the solid oxide fuel cell stacic 2s 

Figures 7A to 7C and 7E ana cross-sectional 
views through the module shown In figure 4. 

Figure 7D is a cross-sectional view through an al- 
ternative module. 

Figure 8 is an enlarged cross-sectional view of 30 
p€Ut of Figure 7D and 7E. 

Figure 9 is crose-sectional view through the core 
region of the solid oxide fuel cell stack showing the 
seals. 

Figure 10 is a cros^-saction through the core re- as 
glon perpendicular Io figure 9 showing the seals and 
interconnectors. 

Figure 11 is a cross-sectional view in the direction 
of arrows C-C in figure 10. 

Figure 12 is a cross-sectional view k\ the direc- 40 
tion of arrows D-D in figure 10. 

Figure 13 is a cros»-section through the core re- 
gion perpendicular to figure 9 showing the seals and 
interconnectors. 

Figure 14 Is a cross-sectional view in the direo- 4S 
tlon of -arrowBi£?£JniigurB.13. 

Figure 1 5 is a solid oxide fuel cell stack aooording 
to the present invention In a power system. 

Figure 1 6 is a solid oxide fuel cell stack according 
to the present inventk>n in an alternative power sys- so 
tem. 

Figure 1 7 is a solid oxide fuel cell stack according 
to the present lnventk>n In a combined solid oxide fuel 
cell stack and gas turbine cyde power system. 

Figure 1 8 Is a solid oxide fuel cell stack according 65 
to the present invention in a solkj oxklefuel celt stack 
combined hydrogen and power oogeneration system. 

Figure 19 is a cross-sectk>nal view through a fur- 



ther soikJ oxide fuel cell stack aooording to the pres- 
ent invention. 

Figure 20 is a cross-sectk>nal view In the direc- 
tion of arrows F-F In figure 19. 

Figure 21 is a cross-sectk>nal view in the direc- 
tion of arrows G-G in ffgure 19. 

Figure 22 is a plan view of a first module forming 
part of the solM oxMe fuel cell stack shown in figures 
19,20 and 21. 

Figure 23 is a view in the direction of anrow H in 
figure 22. 

Figure 24 is a view in the direction of arrow 1 in 
figure 23. 

Figure 25 is a cross-sectk>nai view in the direc- 
tion of arrows J-J In figure 24. 

Figure 26 Is an enlarged cross-sectk)nal view In 
the direction of arrows K-K in figure 22. 

A solkl Qxkte fuel cell stack 10 according to the 
present inventton is shown in figures 1 to 3. The solM 
oxide fuel cell stack 10 comprises a core regton 12 
which contains an array of solid oxide fuel cells 22. 
The core region 12 is surrounded by fuel supply mani- 
folds 14, oxidant supply manifolds 16. spent fuel col- 
lection manifolds 18 and spent oxidant collectk>n 
rr.anifold8 20. 

The solid oxide fuel cells 22 are carried on one or 
more first modules 24, as shown in figures 4. 6, 6, 7 
and 6, which form one of the basic units from which 
the core region 12 of the solid oxide fuel ceil stack 10 
is constructed. The core regkin 12 also comprises 
one or more second nmdules 26 which are the other 
basic units of the core region of the solM oxkle fuel 
cell stack 10. 

Each of the first modules 24 comprises a first re- 
actant distribution member 28 whk:h defines a plural- 
ity of parallel fkst passages 30 for the supply of a first 
reactant longitudinally of the first distribution member 
28. The axes of the first passages 30 lie in a comnrton 
plane. The first reactant distribution member 28 is 
prefers t>ly manufactured from two corrugated ceram- 
ic plates 32,34 in which the corrugations of the plates 
32,34 are arranged parallel and the troughs of one of 
the plates 32 are bonded to the peaks of the other 
plate 34. The diameter of the first passages Is of the 
order of 2mm. A porous support structure 36 sur- 
rounds the first distrttnitkm number 28. extends 
transversely of the first distributk>n member 28 and 
contacts the peaks of plate 32 and the troughs of 
plate 34 to define a plurality of parallel second pas- 
sages 38 for the distribution of fresh first reactant and 
the renrx>val of spent first reactant from the solid oxkle 
fuel cells 22. The second passages 38 are In fact the 
anode, or cathode, chambers of the solid oxkle fuel 
cell stack 10. The corrugated ceranr)ic plates 32,34 
have apertures 55 substantially mklway between the 
ends of the first passages 30 to allow the first reactant 
to flow from the first passages 30 into the second 
passages 38 to supply the first reactant to the anode. 
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or cathode, chambers of the solid oxide fuel cells. 

The porous substrate 36 carries a plurality of ser- 
ies connected sdld oxide fuel cells 22 on ita two par- 
allel flat surfaces. 

Each of the solid oxide fuel calls 22. as shown in s 
figure 8. comprises a first electrode 40, anode or 
cathode, which contacts and is carried by the porous 
substrate 36, a solid oxide electrolyte member 42 
which contacts the first electrode 40 and a second 
electrode 44, cathode or anode, which contacts the io 
opposite face of the solid oxide electrolyte member 
42. The first electrode 40 of one solid oxide fuel cell 
22 Is electrically connected to the second electrode 
of an adjacent solid oxide fuel cell 22 by an Intercon- 
nector 48. Adjacent first electrodes 40 are separated is 
by insulators 50 and adjacent second electrodes 44 
are separated by insulators 52. Preferably it is possi- 
ble to dispense with the insulators 52 and to form the 
insulators 50 as extensions of the electrolyte mem- 
bers 42. A barrier layer is preferably provided under 20 
the Interconnectors 48 and adjacent regions of the 
electrodes 40 to prevent the interconnectors 48 being 
attacked by fuel gas. The Interconnectors 48 are pre- 
ferably stainless steeU-stainless steel overlaid with an 
oxide coating, nickel chromium alloys or doped ian- 2s 
thanum chromita oxide and a sealing film. The barrier 
layer is preferably dense yttria stabilised zircon ia. 

Each of the second modules 26, as shown in fig- 
ure 6. comprises a second reactantdistributton mem- 
ber 54 which defines a plurality of paraBel third pa&- 30 
sages 56 for the supply of a second reactant longitu- 
dinally of the second distribution member 54. Tbe 
axes of the third passages 56 lie in a common plane. 
The second reactant distributton member 64 Is prefer- 
ably manufactured from two corrugated ceramic 35 
plates 58,60 In whteh the corrugations of the plates 
58,60 are arranged parallel and the troughs of one of 
the plates 58 are bonded to the peaks of the other 
plate 60. The diameter of the third passages 56 is also 
of the order of 2mnu The second distribution member 40 
54 Is in dose proximity to the second electrodes 44 
on the first modules 24. and the seoond electrodes 44 
of one first module 24 contact the peaks of plate 58 
and the second electrodes of an adjacent first module 
24 contact the troughs of plate 60 to define a plurality 4S 
of parallei ^fourth passages 62 for the distribution of 
fresh seoond reactant and the removal of spent sec- 
ond reactant from the solid oxWe fuel cells 22. The 
fourth passages 62 are in fact the cathode, or anode, 
chambers of the solid oxkie fuel cell stack 10. The so 
corrugated ceranr\to plates 58.60 have apertures 64 
substantially midway between the ends of the third 
passages 56 to allow the second reactant to f lowf rom 
the thlni passages 56 Into the fourth passages 62 to 
supply the second reactant to the cathode, or anode, 65 
chambers of the solid oxkJe fuel cells. 

Thus it can be seen, from figure 6, that the first 
modules 24 and the second modules 26 are stacked 



alternately in the core region 12 of the solid oxidefuel 
cell stack 10. It is preferred that the first and seoond 
modules 24,26 are stacked such that the first and 
second passages 30,38 are arranged perpendicular 
to the third and fourth passages 56,62, however it 
may be possible to arrange these passages parallel 
to each other. 

Referring to figure 1 to 3 it is seen that both ends 
of each first passage 30, within the first raactant dis- 
tribution member 28. are supplied with first reactant 
fuel. The opposite ends of the first passages 30 are 
supplied with fuel from respective separate fuel sup- 
ply manifolds 14. Both ends of each second passage 
38 discharge spent first reactant fuel, Into spent fuel 
collection manifolds 1 8. The opposite ends of the sec- 
ond passages 38 discharge spent fuel Into respecth^e 
separate spent fuel collection manifolds 18. The 
spent fuel collection manifolds 18 are positioned be- 
tween the fuel supply manifolds 14 and the core re- 
gion 12. Tlius the ends of the first distribution mem- 
ber 28 pass through the spent fuel collection mant- 
folds 18 on their way \o the core regk>n 12. Similarty 
both ends of each third passage 56, within the seoond 
reactant distribution member 54, are supplied with 
second reactant oxidant The opposite ends of the 
third passages 56 are supplied with oxidant from re- 
spective separate oxidant supply manifolds 16. Both 
ends of each fourth passage 62 discharge spent sec- 
ond reactant oxidant into spent oxidant collection 
manifolds 20. The opposite ends of the fourth passag- 
es 62 discharge spent oxidant into respecth^e sepa- 
rate spent Qxklant collectkMi manifolds 20: The spent 
oxidant collection manifolds 20 are positioned be- 
tween the oxidant supply manifdds 16 and the core 
region 12. Thus the ends of the second distrfbutkm 
member 54 pass through the spent oxidant collection 
manifolds 20 on their way to the core region 12. This 
an^ngement allows sensible heat in the hot spent re- 
actants to be recuperated to the fresh reactant sup- 
plies. 

The fuel supply manifolds 14 ar© supplied with 
fuel via pipes 64 from a fuel supply {not shown). The 
fuel supply may be a supply of hydrogen or a supply 
of hydrocarbon fuel, if the fuel supplied Is hydrogen 
the fuel supply may be hydrogen from a hydrogen 
stoTB, or Itmay be a reformer which reforms a hydro- 
cart>on fuel into hydrogen and other product gases. 
Preferably the fuel supply is a hydrocarbon fuel as in 
this example and the fuel supply pipes 64 contain pre- 
reformera 66 which contain a catalyst 68 suitable for 
low temperature steam reforming of the hydrocarbon 
fuel into methane, hydrogen and oxkles of cart>on. 
The prsrefonners 66 adiabatically steam refonn ap- 
proximately 5 to 20% of the hydrocarbon fuel into me- 
thane, hydrogen and oxides of carbon. Also the pre- 
reformers 66 may contain guard nwans to remove, or 
trap, sulphur based, chlorine based and other impur- 
ities in the hydrocarbon fuel. The prerefbmners 66 are 



5 



9 



EP 0 673 074 A1 



10 



removably mounted on the solid oxide fuel cefl stack 
1 0. The guard means for removal of chlorine compris- 
es activated alumina. The guard nneans for removal of 
sulphur comprises zinc oxide. The prereformer 66 
contains a hydrodesulphurlsatlon catalyst, for exanv 5 
pie nickal molyt>dat0 or cobalt molybdata, a low tBtn- 
perature steam reforming catalyst for example a 
highly active nickel catalyst and a partial oxMatkm 
catalyst, for example platinum, rhodium or other pre- 
cious metals or mixtu res of the precious metals to pro- io 
mote start up at low temperatures. 

Also ducts 70 connect the spent fuel coltectk>n 
manifolds 18 with the pipes 64, upstream of the pre- 
reformers 66. such that a portion, approximately two 
thirds, of the spent fuel/anode gas stream, containing is 
product steam etc, Is recirculated to facilitate steam 
reforming of the hydrocartxuifuel. A hydrocarbon fuel 
driven jet pump 72, or other injector, is provided to irn 
duce the recirculation of the spent fuel/anode gas 
stream. 20 

FurthemxHe the first passages 30 of the first dis- 
tribution member 28 are coated with a suitable cata- 
lyst 74 or contain a suitable catalyst 74 for steam re- 
forming of the renialnlng hydrocarbon fuel Into hydro- 
gen and other product gases. The temperature of the 2s 
fuel is raised to approximately 700-600'*C In the first 
passages 30 by heat transfer from the fuel oelis 22 
through the first distnbution tubes 28. 

The remaining portion, approximately one third, 
of the spent fuel/anode gas passes throug h the spent 30 
oxidant collectton manifolds 20 where it is combusted 
in the spent oxklant, further heating the oxidant sup- 
piled to the solid oxide fuel cells 22. 

Air supply pipes 76 are provided to supply air Into 
the fuel drhren jet pumps 72 for start up of the solM 35 
oxide fuel cell by stack 1 0 by partial oxklatlon reform- 
ing of the hydrocarbon fuel In the prereformer 66. The 
pipes 76 have valves 76 to control the flow of air into 
the Jet pumps 72. Hydrogen, or methanol, is supplied 
into the air supplied through pipes 76. The pipes 76 40 
have valves 60. or other nrteans to control the addition 
of hydrogen, or methanol, into the air supplied 
through pipes 76. Methanol may be added to the air 
by bubbling the air through methanol, or by injecting 
a fine spray of methanol Into the air. 46 

The oxidant supply manifolds 16 are supplied 
with oxidant via pipes 82 from an oxklant supply (not 
shown). The oxklant supply may be a supply of oxy- 
gen or a supply of air. 

The firet and second distributk>n members 28 so 
and 54 are manufoctured by firstly making the Indh^ 
ual corrugated ceramic plates. Each corrugated cer- 
amic plate is made by calerKiar rolling, or tape cast- 
ing, the ceramic plate, the ceramic plate is then 
pressed In a die to fonn a oonrugated ceramic plate, es 
Two corrugated ceramic plates are hot pressed to- 
gether, or rolled together, while in the green state to 
produce the green distribution memk>er. Slots are cut 



midway t>etween the ends of the green distribution 
member in order to produce the apertures in the fin- 
ished distribution member. The green dlstrfbutton 
member is then sintered after burning out any organ- 
ics to produce the finished distribution member 28 or 
54 see f^ure 7A. The first and second distributfon 
membere 28 and 54 are fabricated from fully or par- 
tially stabilised ziroonia, alumina, 8ilkx>n carbide or 
other suitable ceramic material. 

The first distribution member 28 is surrounded by 
the porous substrate 36 as in figure 7B. The porous 
substrate 36, as shown in figure 7B, may be manu- 
factured by soaking a suitable organic foam, for ex- 
ample pdyurethane, In a slurry containing partially or 
fully stabilised zirconla. alumina or other suitable cer- 
amic. The organic foam, Impregnated with the ceram- 
ic slurry, is pressed, or rolled, to the desired thickness 
before being wrapped arou nd a suitable fomer to ghre 
it Its near net final shape. The porous substrate is 
dried and the organic foam is burned away before sin- 
tering. The f Iret distributk>n member 28 Is then push- 
ed through the porous substrate to produce an un- 
bonded structure as seen In figure 7C. Alternatively 
the organic foam, Impregnated with the ceramic slur- 
ry, is pressed, or rolled, to the desired thickness be- 
fore t>elng wrapped around the green first distritxjtfon 
member. The two are then co<^intered to form a bond- 
ed structure. The preferred ceramic is 2.5 or 8 mol% 
yttria stabilised ziroonia. The porous substrate 36 is 
preferably manufactured from ceramic paper or fibre 
board, formed into the correct shape, or from calen- 
dered or extruded ceramte tape containing pore form- 
ing elements. The pore forming elements are small 
particles of organic solid which burn out on firing to 
leave a porous structure. The ceramte tape is wrap- 
ped around the first distribution number 26, or suit- 
able former, prior to firing. A further option is to ex- 
trude the porous substrate using a ceramic paste 
containing the pore forming carbon partides. The ex- 
truded ceramic paste is then fired. Barrier fiayere of 
porous ceramic e.g. zirconla may be deposited onto 
these, by for example plasma spraying, to prevent 
chemk^ Interactk>n3. 

The solid oxide fuel cell electrolyte member 42 
and electrodes 40, 44 are deposited onto the two par- 
allel flat surfaces of the porous substrate: 36 ..by 
screen printing, transfer printing, electrophoretfo de- 
position, thermal spraying or vapour deposftfon as 
seen in figure 7E. In the screen printing process, first- 
ly the electrodes 40 are deposited onto the porous 
substrate 36, If the electfx>des 40 are anodes, typical- 
ly using an Ink for the screen printing process of par- 
tially yttria stabilised zirconla and nk^el oxide pow- 
ders in an onganlc vehicle. Secondly the electrolyte 
members 42 are deposited onto the first electrodes 
40, using an Ink for the screen printing process of yt- 
tria stabilised ziroonia in an organic vehicle. Thirdly 
interoonnectore 48 are deposited onto the exposed 
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surfaces of the first electrodes 40. using an ink for the 
screen printing process of typically doped lanthanum 
chromlte In an organic vehlde. Finally the electrodes 
44 are deposited onto the electrolyte members 42 and 
interconnectors 48, If the electrodes 44 are cathodes s 
using an Ink for the scrsen printing process of typk^- 
ly doped lanthanum manganite in an organic vehk:le. 
Bet%veen each deposition step the layers are dried at 
room temperature and heated to renKxve the remalr^ 
ing sohrent used as the organic vehkde. The electro- io 
des 40 and electrolyte members 42 are sintered to- 
gether at preferably 1400-1450*»C for 1 hour. The in- 
terconnectors 48 are sintered after their deposltton 
using rastering of a laser beam or electron beam 
across the Interconnectors 48 to Induce a localised is 
temperature of 1300°C to 2000*'C. The electrodes 44 
are sintered at 1000-1400*'C for 1 hour. 

The curved edges of the porous substrate 36 are 
sealed by a suitable glass/ceramic slurry sealant 84, 
as shown in figure 7E, which fills the fine pores of the 20 
porous substrate 36 by capillary actk>n. The sealant 
is dried and sintered to form a permanent seal. These 
edge seals, together with the electrolyte members 42, 
and electrodes 40 and 44 on the flat surfaces of the 
porous substrate 36 form a gas tig ht boundary aiound 2s 
the first distribution member 28. 

There are a plurality of fuel cells 22 on each sur- 
face of the porous sut>strate 36 whk^ are connected 
electrically in series. The individual fuel cells are ori- 
entated across the directkm of ftow fuel flow so that' 30 
the variatkm in fuel concentration over individual ceDs 
is a small fraction of the change in fuel ooncentratton 
over the whole muKI-cell anangemenL This enables 
high D.C. voltage generatkm. high fuel utillsatton ef- 
ficiency if the pitch of the fuel cells Is made sufficient- ss 
ly low, and reduced requirement for Interoonnect nta- 
terial. 

Figures 9 to 14 illustrate the seals used in the sol- 
id oxkle fuel cell stack 10. Seals 86 are positioned be- 
tween the spent fuel manifolds 18 and the ends of the 40 
solid oxide electrolyte members 42. and electrodes 
40 and 44. Seats 88 are positioned between the fuel 
supply manlfoM 14 and the spent fuel collection 
manifold 1 8, and seals 90 are posittoned between the 
spent oxidant ooilectlon manlfbkl 20 and the oxidant 46 
supply manifold 16. These seals are porous ceramk: 
plates which are apertured to allow the distributkMi 
members to pass therethrough. The pores of the 
plates are sealed with a ceramic slurry when posi- 
tioned on the distribution means and the seals are so 
sintsied. 

Also shown in figures 4 and 10 are the terminal 
rings at the ends of the first distributk>n members 28 
and the seals at the edges of the second distribution 
members 54, and Intermodule connections 91. The 65 
tenmlnal ring at one end of each nfK>dule Is an exteiv 
sk>n of an anode electrode and the terminal ring at the 
other end is an extension of a cathode electrode. 



in operation hydrocartx>n fuel is supplied 
through pipes 64 to the solkl oxide fuel cell stack 10, 
and air or oxygen is supplied through pipes 80 to the 
sdki oxkie fuel cell stack 10. The hydrocart>on fuel 
may be gasified coal, natural gas, propane, naptha or 
other light hydrocart>ons. The heavier hydrocarbon 
fuels such as kerosine, diesei and fuel oil may also 
be used in the two stage indirect refonming system as 
the highly active low temperature steam reforming 
catalysts provkled in the prereformer break down the 
higher hydrocarbon components to methane, hydro- 
gen and oxkles of carbon. The hydrocartxMi fuel en- 
tering the solid oxkfe fuel cell stack 10 is mUed with 
spent fuel/anode gases, v^ich is laden with steam 
and sensible heat by the action of the hydrocarbon 
fuel passing through the Jet pumps 72 and drawfng 
the spent fuel/anode gas from the spent fuel coflec- 
tion manifolds 18 though the pipes 70 into the pipes 
64 downstream of the jel pumps 72. The mature of 
hydrocarbon fuel and recircuiated spent fuel/anode 
gas flows into the adiabatk^ catalytic prereformer 66 
where a fraction of the hydrocartxm fuel is steam re- 
formed to RWthane, hydrogen and cartxm dioxkle. 
The sensible heat of the recbculating spent 
fuel/anode gas Is used to preheat the'hydioearikon 
fuel. The prerefonming reaction Is endothermic for 
methane and low nwlecularweight hydrocarbons, but 
is exothermic for higher molecular weight hydrocar- 
bons, such as kerosine, due to the dominance of the 
exothermic methanation reactions over the endo- 
themnk: reforming reactkms. A low temperature re- 
forming catalyst 68 is used in the prereformer 66 to al- 
low the hydrocarbon fuel to be fed to the solid oxMe 
fuel cen 10 at ambient temperatures. In the Jet pumps 
72 the hydrocarbon fuel mbces wfth hot. typically 500 
toTOO^C, recirculating spent fuel/anode gases, gVAng 
a mbcture gas temperature of about 400 to 600*0 
which matches the temperature of the prereformer 
catalyst The prereformer 66 reforms approxinwitely 5 
to 20% of the hydrocartKMi fuel. The prereformer cat- 
alyst 68 is tolerant to the relatively high carbon dfoyide 
levels in the spent fuel/anode gases recirculated to 
the prereformer 66. The prereformer preferably cor>- 
tains guard means to treat and remove sulphur, chlor- 
ine and other contaminants In the hydrocarbon iuei, 
ThistlsMieoesaary to safieguanlilhe^ow^tampemtiirB 
reforming catalyst, whteh Is partteularly susceptible to 
poisoning. Thus the adtabatic prereformers 66 re- 
move sulphur and chlorine containing innpurities from 
the hydroc8it>on fuel, they convert ethane and higher 
hydrocart5on fuels to methane, hydrogen and oxides 
of cartx)n, achieve a measure of methane prereform- 
Ing to hydrogen and oxMes of cart>on and provkle a 
means to start up the fuel cell stack from cold. The 
prerefbnmer catalyst 68 together witii Its guard means 
Is replaced periodically once critical levels of contanv 
inatk>n are reached. 

The partially reformed hydrocarbon fuel from the 
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prereformer 66 is supplied to the first distribution 
members 28 ^th fuel supply manifolds 14. The hy- 
drocart>on fuel passes through the first passages 30 
in the first distribution members 28 which contain a 
steam reforming catalyst 74 and the hydrocarbon fuel s 
is steam reformed to hydrogen and oxides of carbon 
over the catalyst 74. The endothermic heating re- 
quirement of the steam refbnning process in the first 
passages 30 of the first distribution member 28 is met 
by the transfer of waste heat from the solid oodde fuel io 
cells 22 through the first distribution member 28. To 
reform the hydrocarbon fuel completely the gas tem- 
perature in the first passages 30 of the first distribu- 
tion member 28 must be raised to 700 to dOO^C by the 
heat transfer from the solid oxide fuel cells 22. is 

The two stage Indirect reforming allows ambient 
temperature hydrocartion fuel gas to be fed to the sol- 
id oxide fuel cell stack. The prerefbmier traps hydro- 
cart>on fuel gas impurities which may poison the high 
temperature steam reforming catalyst in the first dis- 20 
tributlon members and the fuel cell anodes. By avoid- 
ing steam refonning on the surfaces of the anode 
electrodes thermal shoddng of the delicate thick film 
electrolyte member and electrode assemblies is 
avoided and cart>on formation In the anode chanv 2Z 
bers. with its attendant risk of shorting the series con- 
nected fuel ceils is avoided. The reforming of the high- 
er hydrocart>ons is carried out in the low temperature 
prereformer where the propensKy for cartwn forma- 
tion is low. Thus the prereformer provides a dean syn- 30 
thesis gas to the second reforming stage in the pas- 
sages of the first reactant distribution member. 

To start up the solid oxide fuel cell 10 from cold 
and to facllHate kyw power operation the prereformer 
66 is used to perfomn partial oxidation reforming. The ss 
prarafbnner catalyst 68 is provMed wKh an upstream 
region 69 containing a catalyst which is suitable for 
partai oxidation reforming and steam reforming of the 
hydrocarbon fuel. The catalyst may include a pre- 
cious metal, for example platinum or rhodium, to fa- 40 
cilitate light-off of the partial oxidation reaction from 
ambient conditions. Initially a flow of ambient temper- 
ature, air laden with methanol vapour Is supplied 
through pipes 76 and through the Jet pump 72 Into the 
prerefonner 66. Simultaneously air Is supplied 4s 
thraugh.the|>lpas.82.lD:the third.pa88ages.56 In the 
second distributton member 54. The partial oxidatk>n 
reforming reactbn for methanol takes place at room 
temperature in the case of the precious metal catalyst 
In the regkm 69 of the prereformer 66. The prerefor- so 
mer 66 starts to warm up due to the heat released by 
the exothermic partial oxidation of the methanol va- 
pour. The hydrocarbon fuel is supplied through pipes 
64 when the temperature of the regton 69 of the pre- 
reformer 66 reaches a temperature of approximately ss 
500«»C. The partial oxidation reforming reactton for 
methane for example results in a greater rate of heat 
release than the methanol. The methanol supply 



through pipes 76 is then terminated. 

During early stages of the warming up process for 
the solid oxide fuel cell stack 1 0 little or no converston 
of the hydrocarbon fuel occurs In the fuel cells. The 
fuel cell temperature Is too k>w. Thus the spent 
fuel/anode gas reaching passing from the spent fuel 
collection manifolds 18 into the spent air collectk>n 
manifolds 20 is substantially a mixture of hydrogen. 
cart>on dioxide and nitrogen. The hydrogen in the 
spent fuel/anode gas is combusted in the spent air 
collection headers 20, with consequential heating of 
the air stream flowing through the third passages 56 
in the second distribution member 54. Thus during 
start up the full heating value of the hydrocarbon fuel 
is used to warm up the solid oxMe fuel cell stack 1 0. 
Also the fuel celts may be short circuited to assist 
warm up of the stack. An advantage of the partia] ox- 
klatnn start up procedure Is that any nickel oxide 
formed in the anodes is reduced to nickel and the 
steam reforming catalyst in the first passages 30 of 
the first distritMJtion member 28 is reactivated t>y the 
hydrogen produced by partial oxklation reforming. 

As the solid oxMe fuel cell stack starts up a frac- 
tion of the spent fuel/anode gas In the spent fuel col- 
lection manifolds 16 is recirculated into the prerefor- 
mer 66 by the Jet pump 72. As the fuel conversion rate 
In the fuel cell increases, product water forms an in- 
creasing proportion of the spent fuel/anode gas. Thus 
as the stack heats up and the steam laden spent 
fuel/anode gas gets hotter the start up air supply 
through pipe 76 is reduced allowing steam reforming 
to assume a greater proportion of the overall reform- 
ing process. At an Intermediate stage between partial 
oxidation and steam reforming, the reforming reac- 
tion Is, nominally:- 

CH4 + (1 - y/2)02 + yHzO = CO2 + (2 + y)H2 
where y is the varying number of nwles of steam re- 
acted per mole of methane reformed. The enthalpy of 
this autothermal reforming reaction ts > 

H25 = -31 8.7 + 241 .8y U/md CH4 
This reaction is endothermic for y < 1.318 and endo- 
thermic for y > 1 ,31 8. 

The point at which the air supply through pipeo 76 Is 
shut off by the vah^ 78 depends upon the size of the 
stack and on the operational power level foliowfng 
warm up. If the start up air supply through pipes 76 Is 
shut off to early and/ot the operating power level is 
too low there will be Insufficient waste heat to meet 
the heat losses from the stack. Therefore it will not be 
possible to maintain a steady operating stack temper- 
ature. Moreover the rectroulating spent fuel/anode 
gas will contain Insufficient heat to meet the endo- 
themite requirements of steam reforming, causing a 
further reducUon In operating temperature. Con- 
versely, under conditions of low power operatton 
when the Internal losses In the stock are Insufficient 
to meet the heat losses and the full endothermic heat 
requirements of steam reforming, the stock tempera- 
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ture may be maintained by allowing the stack to op- 
erate in an autothermal reforming mode, for example 
0 < y < 2, where 1 - y/2 - moles Oi/mole CH4. with a 
supply of air sufficient to off set the thennal deficien- 
cy, s 

In figure 70 ts shown a variant where the first 
passages 30 of the first distn'butlon member 28 are 
for the supply of oxidant to the solid oxide fuel cell 
stack 10 Jn this case the electrodes 40 on the porous 
support structure 36 are cathodes and the electrodes 10 
44 on the opposite surface of the electrolyte mem- 
bers 42 are anodes. The third passages 56 of the sec- 
ond distribution member 54 are for the supply of fuel 
to the solid oxkie fuel cell stack 10. In this case the 
electrodes 40 and 44 extend longitudinally relative to is 
the first distribution member 28 and perpendkxilar to 
the second distribution member 54. 

Figure 15 shows a solid oxide fuel cell stack 10 
in which the oxidant supply is an air blower or com- 
pressor 100 driven by a reciprocatory or turt>o gas ex- 20 
pander 102 by the hot exhaust gases from the com- 
bust k>n of the spent fuel in the spent oxidant in the 
spent oxMant collection manifolds 20. 

Figure 16 shows a solid oxide fuel cell stack 10 
In which ducts 104 are provided to take a portion of 25 
the spent oxidant from the spent oxkiant collectton 
manifolds 20 and redroulate the spent oxidant to the 
oxidant supply manifolds 16. Jet pumps 106 are pro- 
vkled to induce the flow of the spent oxkiant into the 
oxidant supply manifolds and are driven by the pres- 30 
sure of the oxkiant supplied into the oxidant supply 
manifolds through pipes 82. in this case the the spent 
fuel/anode gas Is burnt In the spent oxkiant in an ex- 
ternal combustor 108. The hot gases from the conv 
bustor 108 are used to drive a reciprocatory or turbo ss 
expander 112 which in turn drives an air blower or ^ , 
compressor 110. The air compressor 110 suppi ies the 
air for the oxidant supply manlfokis 16. The exhaust 
gases may also be used to pfeheat the air supplied to 
the oxkiant supply manifolds 16 in an external heat 40 
exchanger (not shown). 

Figure 17 shows a combined solkl oxide fuel cell 
and gas turbine plant 120. The gas turbine comprises 
a compressor 122 driven by a turbine 124 via shaft 
126. The spent fuel/anode gas from the spent fuel 46 
ccdiectton manifolds 18 and the spent oxkiant from 
the spent oxidant collectkMi manifolds 20 are supplied 
to an external combustor 126. The spent fuel is burnt 
In the spent oxidant In the combustor 128 to produoe 
hot gases to drive the turbine 124. The compressor so 
122 supplies air to the oxkiant supply manifbkls 16 
and the turbine 124 also drives a second compressor 
1 30 via a shaft 132. The second compressor 130 sup- 
plies hydrocart>on fuel to the fuel supply manifolds 
14. The turbine 124 also drives an alternator 1 34 via ss 
a shaft 136. 

In figure 18 is a combined hydrogen and power 
cogeneratk>n system in which surplus fuel supplied to 



the solkl oxkle fuel cell stack 10 is steam refonmed in 
the two stage indirect reforming system, prereformer 
66 and reformer 74, thus absorbing the waste heat 
from the solkl oxkle fuel cell stack 1 0 to produce a by- 
product synthesis gas of Increased heating valtie. 
The surplus synthesis gas is passes to a water gas 
shift and hydrogen renx>val subsystem 138 where 
carbon oKMioxkle and water is converted to hydrogen 
and the add gases, mainly cart>on dioxkle, are re- 
moved. Hydrogen leaves the water gas shift and hy- 
drogen rennoval subsystem 138 through pipe 148 and 
the acki gases leave the subsystem 138 through pipe 
146. A steam generator 142 Is positkined in the water 
gas and hydrogen removal subsystem 138, and the 
steam generator 142 Is supplied with water via a pipe 
140 and supplies additional steam, required to reform 
surplus fuel, to the prerefbmriere 66 via a pipe 144. 
The steam generator 144 cods the synthesis gas to 
the k>wer temperature preferred for the water gas 
shift reaction. The prechilled steam is supplied to the 
Jet pumps 72. 

A further solkl oxide fuel cell stack 210 according 
to the present invention is shown in figures 1 9, 20 and 
21. The solid oxkle fuel cell stack 210 comprises a 
core region 212 whteh contains an array of solkl oxkle 
fuel cells 222. The core region 212 Is surrounded by 
primary fuel supply manifolds 214, oxkiant supply 
manifolds 216. spent fuel collection manifolds 218 
and spent oxkiant collectksn manifolds 220. 

The solid oxide fuel cells 222 are carried on one 
or nrK>re first nKidutes 224 as shown in figures 22 to 
26, whk^ form one of the basic units from which the 
core region 212 of the solkl oxkle fuel ceD stack 210 
Is constructed. The core region 212 also comprises 
one or nrK>re second modules 226 which are the other 
basic units of the core regton 212 of the solkl oxkle 
fuerceil stack 210. 

Each of the first nrKKlules 224, as shown more 
clearly in figures 22 to 26. comprises a first reactant 
distributk>n member 228 which defines a plurality of 
parallel first passages 230 for the supply of a first re- 
actant longitudinally of the f irat reactant distributk>n 
member 228. The axes of the first passages lie In a 
common plane. The first reactant distribution mem- 
ber 228 is most preferably manufactured from a cer- 
amic material by extrusion of a viscous ceramk: 
dough through suitably shaped dies, which produces 
parallel tubular ceramk: men\bera 232 spaced apart 
by integral ceramic spacing membere 234, or webs, 
and the firat reactant distribution member is then 
dried and sintered. The diameter of the first passages 
230 is up to 10 mm, although diametera greater than 
this may be produced. The f brst reactant distributkm 
membere 228 are capable of being produced in 
widths of 1 00 mm and more, for example 1 50 nun, and 
in lengths of 1 m or more. A porous support structure 
336 sunounds the first reactant distribution member 
228, extends transversely of the f kst reactant distrib- 
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ution member 228 and contacts the tut>ular ceramic 
members 232 but is spaced from the spacing menv 
bers 234 to define a plurality of parallel second pas- 
sages 238 for the distribution of fresh first reactant 
a nd the renr>oval of spent first reactant from the solid s 
oxide fuel cells 222. The second passages 238 ara in 
fact the anode, or cathode, chambers of the solid ox- 
ide fuel cell stack 210. The tubular ceramic members 
232 have apertures 255 sut>stantially midway be- 
tween the ends of the first passages 230 to allow the io 
first reactant to flow from the first passages 230 into 
the second passages 238 to supply the first reactant 
to the anode, or cathode, chambers of the solid oxide 
fuel cells 222. 

The porous support structure 236 carries a plur- is 
ality of series connected solid oxide fuel cells 222 on 
its two parallel flat surfaces. Each of the solid oxide 
fuel cells 222 comprises a first electrode 240. anode 
or cathode, which contacts and is supported by the 
porous support structure 236. a solid oxide electro- 20 
lyte member 242 which contacts the first electrode 
240 and a second electrode 244. cathode or anode, 
which contacts the solid oxide electrolyte member 
242. The first electrode 240 of one solid oxide fuel cell 
222 Is electrically connected to the second electrode 25 
244 of an adjacent solid oxide fuel ceil 222 by an In- 
terconnector 248. Adjacent first electrodes 240 are 
separated by insulators or solid oxide electrolyte 
members 24Z Each solid oxide electrolyte member 
242 is approximately 1 to 50 microns thick and the 30 
first and seoond electrodes are approximately 25 to 
250 microns thick. The porous support structure is 
approxlnfttitely 100 to 1000 microns thick. 

Each of the second modules 226. as shown In fig- 
ures 1 9. 20 and 21 , comprises a second reactant dis- 35 
tributlon member 254 whk^ defines a plurality of par- 
allel third passages 256 for the supply of a second re- 
actant tongitudinally of the second rsactant distribu- 
tion member 254. The axes of the third passages 256 
lie in a common plane. The second reactant distribu- 40 
tion nnember 254 is also preferably manufactured 
from ceramic by extrusion of a viscous ceramto dough 
through suitably shaped dies, which produces parallel 
tubular ceramic members spaced apart by Integral 
ceramic spacing members, or webs, and the second 45 
reactant distributfon member Is then dried and slrv- 
tered. The diameter of the third passages 256 is up to 
10 mm, although dian^eters greater than this may be 
produced. The second reactant distributwn members 
254 are capable of being produced In wkiths of 100 so 
mm and nK>re, for example 1 50 mm. and in lengths of 
1 m or nrKxe. The second reactant distritMJtkm menv 
ber254 Is In dose proximity to the second electfodes 
244 on the first modules 224, and the second electro- 
des 244 of one first module 224 contact the tubular es 
ceramic members but Is spaced from the spacing 
members to define a plurality of parallel fourth pas- 
sages 262 for the distribution of fresh second reac- 



tant and the removal of spent second reactant from 
the solid oxide fuel ceils 222. The fourth passages 
238 are In fact the cathode, or anode, chamt>ere of the 
solkj oxMe fuel cell stack 210. The tubular ceramic 
membere of the second reactant distrfl>utk>n menv- 
bera 254 do not have apertures substantially midway 
between the ends of the third passages 256, instead 
the second reactant flows the full length of the thiid 
passages 256 and then reverses in directton to flow 
into the fourth passages 262 to supply the second re- 
actant to the cathode, or anode, chambers of the solkf 
oxide fuel cells 222. 

Thus It can be seen, from figure 19, 20 and 21, 
that the first modules 224 are stacked alternately with 
two second nK>dules 226 in the core regton 212 of the 
solid oxkie fuel cell stack 210. Thus for example there 
are ten first modules 224 and twenty two seoond 
ntodules 226. Tlie f iret and second modules 224,226 
are stacked such that the first and second passages 
230,238 are arranged perpendicular to the third and 
fourth passages 256,262. It is also seen that each of 
the two second modules 226 between a pan- of adja- 
cent first modules 224 extends only approximately 
halfway across the solid oxMe fuel cell stack 21 0. and 
that the axes of third passages 256 of the two seoond 
nrvxlules 226 lie substantially In the same plane. Also 
dividere 258 are positioned l>etween the inner ends 
260 of the seoond modules 226 to deflect the seoond 
reactant to flow back over the outer surfaces of the 
seoond reactant distra>utk)n members 254 of the re- 
spective second modules 226. The use of seoond re- 
actant distribution members 254 which extend only 
halfway across the solid oxide fuel cell stack 210 has 
several advantages compared to the second reactant 
distribution members shown In figures Ito 6. By intro- 
ducing the seoond reactant distributksn membere 254 
from opposite sides of the solid oxide fuel cell stack 
210, It is possible to firetly stack all the the first mod- 
ules 224 together in a unit in the solid oxide fuel celt 
stack 210 casing. The seoond modules 226 are then 
introduced into the solid oxide fuel cell stack 210 in- 
dependently from opposite sides of the stack 210 be- 
tween pairs of adjacent first modules 224. The sec- 
ond reactant distribution members 254 are only hekj 
at one end. and this allows the second reactant dis- 
tribution membere 254 to thermally expandtoontract 
freely and hence reduce stresses in the seoond reac- 
tant distrbution mernt>ers 254. 

it is seen that both ends of each of each f ksi pas- 
sage 230. within the Tiret reactant distribution mem- 
bere 228, is supplied with firet reactant. fuel. The op- 
posite ends of the first passages 230 are supplied 
with fuel from respective separate secondary fuel 
supply manifolds 215. Both ends of each seoond pas- 
sage 238 discharges spent first reactant into spent 
fuel collectbn manifolds 218. The spent fuel collec- 
tion manifolds 218 are posittoned t)etween the pri- 
mary fuel supply nnanifblds 214 and the core regk>n 
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212. The secondary fuel supply manifolds 215 are 
positioned with in the spent fuel collection manifolds 
218. The first reactant distribution members 228 have 
the spacing members 234 cut away at their ends to 
leave the parallel tubular ceramic nr^embers 232, 
which are easily located In corresponding arrays of 
circular holes drilled in the secondary fuel supply 
manifolds 215. The removal of the spacing members 
234 at the ends of the first reactant distribution menv 
bers 228 reduces stresses in the structure. Each of 
the secondary fuel supply manifolds 215 is supplied 
with fuel from one of the two primary fuel supply 
manifolds 214A.214B. Thus the secondary fuel sup- 
ply manifolds 21 5 at one end of each first reactant dis- 
tribution member 228 is supplied with fuel from one 
primary fuel supply manifold 214Aand the secondary 
fuel supply manifolds 215 at the opposite end of each 
first reactant distribution member22a is supplied with 
fuel from the other primary fuel supply manifold 
214B. The secondary fuel supply manifolds 215 are 
connected to the primary fuel supply manifolds 
214A,214B by oonnectfons which are compliant with 
respect to thermal differential expansion/contraction, 
in particular each of the secondary fuel supply mani- 
folds 215 has a pipe 217 which has a compliant sec- 
tion 21 9. The compliant sections 219 of the pipes 217 
are preferably tube-liice bellows, but looped pipes or 
other suitable connections may be used. The second- 
ary fuel supply manifolds 215 are fabricated from zir- 
conia. magnesium aluminate and other suitable cer- 
amics with a thermal expansivity to that of the first re- 
actant distribution members 228, fenritic steel or mar- 
tensltic steel with a thermal expansh^lty to match that 
of the first reactant distribution members 228. The 
compliant connection between the primary fuel sup- 
ply nianlfolds 214A^14B and the secondary fuel sup- 
ply manifolds 215 is intended to independently mount 
each of the first modules 224 so that differential ther- 
mal expansion/contraction t>etween each of the first 
modules 224, its adjacent first nwdules 224 and the 
casing of the solid oxide fuel oelt stack 210 does not 
result in excessive loads on the first modules 224 or 
its component parts. The ends of the pipes 21 7 fit into 
apertures 221 in the bulkheads 223 of the primary 
fuel supply manifolds 214A,214B. The ends of the 
pipes 21 7 are sealed to the bulkheads 223 by bonded 
seals, or dry impennanent seals with or without O- 
ring seals or gaskets. The ends of the pipes 217 are 
secured to the bulkheads 223 by cirdips, threads and 
nuts or other suitable means. 

One end 259 only of each third passage 256. 
within the second reactant distribution member 254 is 
supplied with second reactant, oxMant from one of 
the two oxidant supply manifolds 216A,216B. The 
other end 260 of each third passage 256 Is open to al- 
low the oxidant to flow out of the third passages 256 
and to ftow back over second reactant distribution 
nnembers 254 through the fourth passages 262 to the 



spent oxklant collection manifolds 220. The ends 259 
of the second reactant distribution members 254 pass 
through the spent oxidant collection manifolds 
220A,220B on their way to the core region 212. This 
5 allows sensible heat to be recuperated from the spent 
reactants to the fresh reactant supplies. The oxidant 
supply noanifdids 216 comprise two plates 231.233, 
the first plate 231 has the second reactant distributk>n 
members 254 bonded into a pattern of matching aper- 

10 tures 235. the spacing members at the ends of the 
second reactant distribution members 254 are re- 
moved to leave only the parallel tubular ceramic 
members which are fitted into the holes 235. The sec- 
ond plate 233 has a pattern of oxidant distribution gai- 

16 leries 237 which connect with the second reactant dis- 
tribution members 254. The galleries 237 are sup- 
plied with oxkiant from larger channels 239 around 
the periphery. Also the spent oxidant collection mani- 
folds 220 are provided with off gas combustion cata- 

20 lyst 241 to burn the spent fuel in the spent oxidant To 
facilitate the burning of the spent fuel a series of fuel 
sparge tubes 243 extend between the spent fuel col- 
lection manifolds 21 8 at opposite sides of the solM ox- 
ide fuel cell stack 210 to convey the spentfuel to,tbe 

25 spent oxidant collection manifolds 220: The fuel 
sparge tubes 243 are provided with a pattern of aper- 
tures spaced across the spent oxidant collectkHi 
manifolds 220 to obtain unifonn mixing with the oxi- 
dant and to provide bade pressure on the flow of spent 

30 fuel. The fuel sparge tubes 243 are either metallic or 
cerannkx The exhaust gases from the combustion of 
the spent fuel in the spent oxidant is exhausted from 
the off gas oombu8tk>n catalyst 241 through a series 
of apertures 245 In the first plate 231 and Intercon- 

35 necting apertures 247 In the second plate 233 Into an 
exhaust collection nnanlfold 249 and thence through 
duct 251 to atmosphere. 

This arrangement minimises the number of seals 
in the core region 212 of the solid oxide fuel cell stack 

40 210. and produces a symmetric flow path d'{strit>utk>n 
to obtain a counter flow arrangement t>etween the ox- 
idant passing through the second reactant distribu- 
tion members 254 and the spent fuel and this gives 
a symnnetric temperature distributk>n in the solkl ox- 

46 Ide fuel cell stack 210. The reductton In sealing com- 
ponents:iniheisolldiOKide-fuel oeltstack^lO simpli- 
fies the assembly procedure. The second reactant 
distribution members 254 are connected to the oxi- 
dant supply manifolds by direct t>onding using a cer- 

50 amic k>ased cement, or the ends of the second reac- 
tant distribution members 254 are metallised and 
brazed Into the oxidant supply manifolds 216. The al- 
tered gas flow path results In temperature distribu- 
tions with quarter symmetry as compared to half d^ 

66 agonal symmetry In figures 1 to 6. This leads to lower, 
balanced structural loads caused by themrial expan- 
sion/oontraction mismatches within the solid oxkJe 
fuel cell stack 210. The counter flow arrangennent in 

11 
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the off gas oombustibn catalyst 241 gives more effi- 
cient heat transfer and a one dimensional tempera- 
ture profile. 

TTiere are also two oxidant restrlctor plates 253 
which control the flow of spent oxidant to the off gas s 
combustion catalyst 241, this provides a back pres- 
sure on the oxidant flow across the fuel cells 222 so 
that it distributes itself uniformly and ensures there Is 
no recirculation of exhaust gases into the core 212 of 
the solid oxide fuel cell stack 210. The oxkiant restrio- io 
tor plates 253 are made from a fibrous packing or per- 
forated plate or other suitable porous structure. 

The seals 286 used In the solid oxide fuel cell 
stack 210 are arranged to minimise the loads, both 
transverse and longitudinal, that are applied on the is 
first modules 224 and to reduce leakage of oxidant 
from the fourth passages 256 Into the spent fuel col- 
lection manifolds 21 8, The loads are minimised by a 
compliant seal and allowing the first modules 224 to 
mwe longitudinally through the seal so that the first 20 
modules 224 are allowed to expand/contract due to 
temperature changes , without being unduly con- 
strained. The preferred seals 286 comprise gland 
type seals. The seals 286 are positfcMied between the 
spent fuel ooHectlonmanifolds 218 and-lhe ends of 26 
the first nK>dules 224. The gland seals are com> 
pressed fibre paper gland seals which have a filler 
material introduced to dose the voids in the fibre pa- 
per. The filler material is introduced as a liquid/solo> 
tlon whtoh consolidates upon heating to fill the voids. 30 
It is not intended to form a bonded seal. The gland 
seals are preferat>ly dry and impermanent, facilitating 
dismantling of the solid oxMe fuel cell stack 210 for 
maintenance purposes. The ends of the first nK>dules 
224 have metallic end pieces 21 3 for oooperatfon with ss 
the gland seals, these metallic end pieces may t>e the 
terminal rings, or end seals. Anon stick barrier is pro- 
vided on the metallic end pieces 213 to prevent the 
filler adhering to the metallic end pieces 213. The 
gland seals are arranged around the n>etallic end 40 
pieces 213 on the ends of the first modules 224. It is 
preferred that ttie seals 286 comprise an array of seal 
segments 287. as shown, to form a complete wall, the 
segments 287 are ceramic are eiectricaily insulating 
and are appropriately shaped to fit between the first 4S 
nnoduieS:^4. The^seal-segments 287 placed be- 
tween two-adjaoentfirsi modules 224 are shaped on 
both their tongitudinal edges to fit around a half of 
each end of the first nmdules 224. The seal segments 
287 placed adjacent one first module 224 are shaped so 
on one of their k>ngitudinal edges to fit around a half 
of each end of the first modules 224. The array of seal 
segments 287 are held together around their extrenv 
ities by a metallic frame 288. The fitting of the seg- 
nr>ents 287 and first modules 224 Into the metallic 65 
frame 288 holds the gland seals compressed. The re- 
moval of the metallic frannes 288 allows the first mod- 
ules 224 to be removed for maintenance and service 



of the solid oxide fuel cell stack 210. The metallic 
frames 288 are spaced apart by stiffening struts so 
that the first modules 224 and nnetalllc frames 288 be- 
come an independent unit One or more of the units 
of first modides 224 and metallic frames 288 are as- 
sembled Into stack 210. The seals 286 may comprise 
multiple seals with intervening passages connected 
to the spent oxidant collection nrtanifolds 220, the ex- 
haust collection manifolds 249 or off gas combustion 
catalyst 241. The pressure drops in the stack are ar- 
ranged for the leakage to be from the spent fuel mani- 
folds 218 to the seal passages, from the fourth pas- 
sages 256 Into the seal passages and from the seal 
passages to the spent oxidant manifolds 220. 

The prereformer 266 1^ renrK>vably secured to the 
bulkheads 223 by nut and belt connections 265.267 
and seals 269 are provided between the prereformer 
casing 271 and the bulkheads 223. Thus the prerefor- 
mers 266 and the bulkheads 223 together define the 
primary fuel manifolds 214Aand 214B. 

The stack 210 works In a similar way to that 
shown in figures 1 to 6. 

It may be possible to use the solid oxide fuel cell 
stack simply with hydrogen fuel. In these drcunrv 
stanoes the reciroulatkMi of the spent hydrogen la not 
required and the prerBformer and reforming In the hy- 
drogen distributkxi member is no longer required. 

it may be possible to make each of the first and 
second reactant distributfon members from two cer- 
amic plates whteh are corrugated in two perpendicu- 
lar planes, such that they are substantially like an 
egg-box, and tKHiding the peaks of one plate to the 
troughs of the other plate. As a further alternative it 
may be possible to make the first and second reactant 
distribution members from a plurality of parallel tub- 
ular ceramic members which are spaced apart by 
spacers. 

it may be possit)le to make the first and second 
reactant distribution nnembers from metallic materials 
if n>aterials are available to permit the solid oxide fuel 
cell stack operating temperatures to be reduced. 

The core region 12 of the solid oxide fuel cell 
stack 10 is constructed from Identical first modules 
24 which carry the fuel cells 22. These f'rst modules 
24 are structurally Independent, and provkle support 
for the stack without the need for cross coupling be- 
tween the delicate supported thick film fuel cells on 
adjacent first modules 24. This arrangement allows 
significant tolerance to gfobal temperature differenc- 
es across the stack during start up and operatton. Tlie 
decou pling of the core regkMi 1 2 of the stack 1 0 allows 
power rating scaieability. The first and second mod- 
ules 24 and 26 are amenable to manufacture by low 
cost ceramic febvtoatlon techniques such as tape cal- 
endering and screen printing. There are no adjacent 
oxidant and fuel gas streams and seals are not re- 
quired between fuel and oxidant passages. Thermal 
recuperatfon during operatfon is nnaximised within the 
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means (24) to define passages (30) inter- 
nally of the solid oxide fuel cell stack (10), the 
passages (30) supplying hydrogen to the anode 
chambers (38), the passages (30) containing a 
5 catalyst (74) suitable for steam refonmlng hydro- 

carbon fuel to hydrogen and other product gases, 
the means (24) to define the passages (30) being 
in Intimate thermal contact with the solid oxide 
fuel cells (22) such that waste heat from the solid 
10 oxide fuel cells (22) provides the endothermic 

heat requirements for the steam reforming reac- 
tion. 

means (16,26) to supply oxidant to the 
cathode chambers (62). 
IS Characterised In that an adlabatlc prere- 

former (66) converts heavier hydrocarbon fuels 
to methane, hydrogen and oxides of cart>on and 
supplies the methane, hydrogen and oxides of 
carbon to the passages (30), 
20 means (14) to supply hydrocartx>n fuel to 

the prerefonfner (66). 

2. A solid oxide fuel cell stack as claimed In daim 1 
wherein the means (24) to define passages (30) 
25 partially defines the anode chambers (38), the 

passages (30) being separated from the anode 
chambers (38) by the means (24) defining the 
passages (30). 

30 3. A solid oxide fuel cell stack as claimed in daim 1 
wherein the means (24) to define passages (30 
is located in the anode chambers (38). the pas- 
sages (30) being separated from the anode 
chambers (36) by the means defining the pas- 
35 sages (30). 



solid oxide fuel cell stack 10, obviating the need for 
external fuel reforming and reactant preheating and 
hence requiring a simple balance of plant The stack 
uses indirect internal steam reforming within the fuel 
supply pipes In the fuel distribution members rather 
than on the anode surfaces of the fuel cells. This al- 
lows the use of reforming catalysts which are less 
likely to produce coking than nickel cermet anodes, 
redudng the requirement for excess steam and the 
amount of anode gas redrculation. It also mitigates 
the thermal shock effects of the high endothermic 
heat requirements of steam reforming. Exothermic 
partial oxidatton reforming is used to start up the 
stack. Hydrogen produced from partial oxidation re- 
forming during start up reactivates the nickel/yttria 
stabilised zlrconla cermets of the anodes and the 
steam reforming catalyst in the fuel distribution nr>env 
bers. Use of a prereformer enables fuel to be fed to 
the solid oxide fuel cell stack at ambient temperature, 
and enable the removal of Impurities from the fuel, 
extending the lifetime of the high temperature cata- 
lyst and fuel cell anode electrodes. 

The first reactant distributton members provMe 
the structural support for the two electrolyte/elec- 
trode assembtles-carrted on the two opposKsly direct- 
ed surfaces of the first reactant distribution members. 
It may be possil>le to provide only a single electro- 
lyte/electrode assembly on only one of the surfaces 
of the first reactant distritxjtion members. 

It is dear that the first and second reactant dis- 
tribution members are substantially planar, i.e. the 
axes of the internal passages are arranged in a plane 
and the electrolyte/electrode assemblies are planar 
and are arranged between the first and second reac- 
tant distributton members such that the first reactant 
distribution members, the second reactant distribu- 
tion members and the electrolyte/electrode assem- 
blies are arranged substantially parallel to each other. 

Although the description and drawings have 
shown the fuel distribution memt>ers completely en- 40 
closed by the anode cliambers. it may be possible to 
position the fuel distribution members internally of 
the fuel cell stack such that they are not completely 
endosed by the anode chambers but nevertheless" 
define part of the anode chamber or chambers. 45 



Claims 

1 . A solid oxMe fuel cell stack (1 0) comprising 50 
a plurality of soIkJ oxide electrolyte mem- 
bers (42), each solid oxide electrdyte member 
(42) having an anode electrode (40) on a first sur- 
face and a cathode electrode (44) on a second 
opposite surface to fomi a fuel cell (22). each 66 
anode electrode (40) partially defining an anode 
chamber (38). each cathode electrode (44) par- 
tially defining a cathode chamt>er (62), 



4. A solid oxide fuel cell stack as dalmed in any of 
claims 1 to 3 comprising at least one first nrM>dule 
(24) and at least one second module (26), 

each fast nvodule (24) comprising a first 
dtstribution means (28) defining a plurality of f'»^t 
passages (30) for the supply of a first reactant 
longitudinally illative to the first distribution 
means (28), 

a plurality of electrolyte/electrode asaenv 
biles (40,42^) arranged to be carried on one 
side of the f'tnA distribution means (28). the dec- 
trdyte/electrode assemblies (40.42,44) and the 
first distribution means (28) defining a plurality of 
second passages (36) therebetween, the second 
passages (38) extending longitudinally relative to 
the first distributton means (28) for the distribu- 
tion of first reactant and the removal of spent first 
reactant, 

each electrolyte/electrode assembly 
(40,42.44) comprising a plurality of first electro- 
des (40), a plurality of solid oxide electrolyte 
members (42) and a plurality of second electro- 
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des (44). 

each solid oxide electrolyte member (42) 
being positioned between and contacting a re- 
spective one of the first electrodes (40) and a re- 
spective one of the second electrodes (44) to s 
form a fuel oeli (22), 

at least one interoonnector (48) to connect 
the first electrode (40) of one fuel cell (22) with 
the second electrode (44) of an adjacent fuel cell 
(22). 10 

the first electiodes (40) on the electro- 
lyte/electrode (44) assembly facing the first dis- 
tribution means (26), 

each second module (26) comprising a 
second distribution means (54) defining a plural- 16 
ity of third passages (56) for the supply of a sec- 
ond reactant longitudinally relative to the second 
distribution means (54). 

the at least one first nr>odule (24) being ar- 
ranged In proximity to the at least one second 20 
module (26) such that the electrolyte/electrode 
assemblies (40.42,44) and the second distribu- 
tion means (54) define a plurality of fourth pas- 
sages (62) therebetween, the fourth passages 
(62) extending longitudinally relative to the sec- 25 
ond distribution means (54) for the distribution of 
second reactant and the removal of spent second 
reactant, 

the second electrodes (44) on the electro- 
lyte/electrode assemblies (40,42.44) facing the 30 
second distribution means (54), 

the first or the thlid passages (30,56) sup- 
plying hydrogen to the first or second electrodes 
(40.44) respectively, the first or third passages 
(30,56) respectively containing a catalyst (74) ss 
suftabie for steam reforming hydrocart)on fuel to 
hydrogen and other product gases, the first or 
second distribution means (28.64) t)eing in intf- 
mate thenmal contact with the solid oxide fuel 
cells (22) such that waste heat from the solid ox- 40 
ide fuel cells (22) provides the endothermic heat 
requirements for the steam reforming reaction, 

the prereformer (66) supplies methane, 
hydrogen and oxides of carbon to the first or third 
passages (30,56). 45 

A solid oxide fuel cell stack as claimed in claim 4 
wherein the first distribution means (28) or the 
second distribution means (54) are defined by 
first and second corrugated plates (32,34). the so 
troughs of the first corrugated plate (32) are 
bonded to the peaks of the second corrugated 
plate (34) to define the first passages 30 or third 
passages (56) respectively, at least one of the 
corrugated plates (32,34) has apertures (55) ex- es 
tending therethrough to supply reactant from the 
first passages (30) or third passages (56) respec- 
th^ety to the respective electrodes (40,44). 



6. A solid oxide fuel cell stack as claimed in daim 4 
wherein the first distrit>utk)n means (226) or the 
second distribution means (254) are defined by a 
plurality of parallel tubes (232) to define the first 
passages (230) or third passages (256) respec- 
tively, the tubes (232) are Interconnected by 
spacing members 0^34). 

7. A solid oxkle fuel cell stack as claimed in any of 
claims 4 to 6 wherein each first module (24) in- 
cludes a porous support structure (36) extending 
transversely around the first distribution means 
(24), the porous support structure (36) contact- 
ing the first distributkHi means (28) at transverse- 
ly spaced locations of the first distributk>n means 
(28) to define the plurality of second passages 
(38) between the first distributk>n means (28) and 
the porous support structure (36), the porous 
support structure (36) carrying the electro- 
lyte/electrode assemblies (40,42.44), the first 
electrodes (40) t>eing arranged on and contacting 
the porous support structure (36). 

B. A solid oxide fuel cell stack as claimed In claim 7 
wherein the first electrodes (40) are arranged on 
substantially parallel surfaces of the porous sup- 
port structure (36), the first electrodes (40) on 
each of the parallel surfaces of the porous sup- 
port structure (36) are connected electrically in 
series to the second electrode (44) of an adjacent 
fuel cell (22). 

9. A solid oxkle fuel cell stack as claimed in dalm 8 
wherein the first electrodes (40). the solid oxkJe 
electrolyte members (42) and the second electro- 
des (44) extend transversely of the first distribu- 
tion means (28), the adjacent first electrodes (40) 
are spaced apart k>ngitudinally of the first distrib- 
ution means (28). 

10. A solid oxkle fuel cell stack as claimed in daim 8 
wherein the first electrodes (40), the solid oxkje 
electrolyte members (42) and the second electro- 
des (44) extend longitudinally of the first distrib- 
utk>n means (28), the adjacent first electrodes 
(40) are spaced apart transversely of the first dis- 
tribution nwans (28). 

11. Asolkj oxide fuel cell stack as daimed in any of 
daims 4 to 10 wherein the first and second dis- 
tribution means (28.54) are arranged such that 
the first and third passages (30,56) extend per- 
pendicularly. 

12. A solid oxkia fuel ceO stack as daimed in any of 
dalms 1 to 11 wherein the prereformer catalyst 
(68) contains a low temperature steam reforming 
catalyst. 
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13. A solid oxide fuel cell stack as claimed in claim 12 
wherein the steam reforming catalyst comprises 
a nickel catalyst 

14. A solid oxide fuel ceil stack as claimed In any of 
claims 1 to 13 wherein the prareformer catalyst 
(68) contains a partial oxidation reforming cata- 
lyst 

1 5. AsolM oxide fuel cell stack as claimed in claim 14 
wherein the partial oxidatk>n reforming catalyst 
comprises platinum, rhodium, other precidus 
metals or mixtures of precious metals. 



supply a mixture of methanol and an oxygen corv 
taining gas or a mixture of hydrogen and an oxy- 
gen containing gas to the prereformer (66) to start 
up the solid oxide fuel cell stack (10) and enable 
operation at zero power or less than a predeter- 
mined power. 
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16. A solid oxide fuel cell stack as claimed in any of is 
claims 1 to 15 wherein the prereformer catalyst 

(68) contains a hydrodesulphuristaion catalyst 

1 7. Asolid oxide fuel cell stack as claimed in claim 16 
wherein the hydrodesulphuristaion catalyst com- 20 
prises nickel molybdate or cobalt nnolyt>date. 

IB. A solid oxkle fuel cell stack as claimed In any of 
claims 1 to 17 wherein the prereformer (66) com- 
prises means to remove chlorine from the hydro- 26 
cart>on fuel. 



1 9. A solid oxide fuel cell stack as daimed in claim 1 8 
wherein the means to remove chlorine comprises 
activated alumina. 



30 



20. A solid oxkle fuel cell stack as daimed in any of 
dalms 1 to 19 wherein the prereformer (66) com- 
prises means to remove sulphur from the hydro- 
carton fuel. 



S5 



21. A solid oxide fuel cell stack as daimed in claim 20 
wherein the means to remove sulphur comprises 
zinc oxide. 

22. A solid oxide fuel cell stack as daimed in any of 
daims 1 to 21 wherein the prereformer (266) is re- 
movably k>cated (267,269) on the solid oxkle ox- 
ide fuel cell stack (210). 

# 

23. A solid oxide fuel cell stack as dalmed ln any of 
daims 1 to 22 comprising means (70.72) to recir- 
culate a portion of the spent methane, hydrogen, 
oxides of carbon and sieam from the anode 
chan(U)ers (38) with the hydrocai1>on fuel sup- 
plied to the prereformer (66). 

24. Asolid oxkle fuel cell stack as daimed in claim 23 
wherein the means (70,72) to redrculate compris- 
es a jet pump (72). 

25. A solid oxide fuel cell stack as daimed in any of 
daims 1 to 24 comprising means (76,78,80) to 
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